Atholville beds near Campbellton, New Brunswick, Canada, originally identified as Ctenacanthus latispinosus, have been uncertain since they were first described by Whiteaves in the late Nineteenth Century. Woodward subsequently referred the species to Climatius, because the isolated Canadian fin spines were similar to those preserved in articulated specimens of Climatius reticulatus from the Lower Old Red Sandstone (Lochkovian) of Scotland. Spines of the same form as the 'Atholville beds' specimens are also found in Emsian mudstones on the Gaspé Peninsula, Quebec. One of the fin spine forms appears identical to the pectoral fin spines on an articulated specimen from Atholville that has been assigned to the stem chondrichthyan Doliodus problematicus, a taxon erected for isolated diplodont teeth. By comparison with median and paired fin spine morphology on the climatiiform Climatius reticulatus from the Scottish Lower Old Red Sandstone and the spines preserved on the articulated Doliodus, isolated fin spines from Campbellton and several localities on the Gaspé Peninsula are now identified as belonging to Doliodus latispinosus comb. nov. The variety of spine morphotypes recognized -pectoral, prepelvic, prepectoral, and median -support a phylogenetic position within the "acanthodians" rather than "conventionally defined chondrichthyans". Jex, a supplier for the Weymouth fossil dealer R.F. Damon. Fossils were sent to England in 1888, 1891, and 1892. Based on these specimens, Traquair and Woodward published a series of papers and reports from 1889 to 1900, often describing different specimens of each others' species and revising Whiteaves' work (Traquair 1890a -c, 1893a Woodward 1889 Woodward , 1891 Woodward , 1892a Woodward , b, 1900 .
The flurry of papers by three authors on the same fossils created some confusion, which still persists.
North of Chaleur Bay, fossil fish faunas of similar age are found in the York River Formation and the lower part of the Battery Point Formation on the Gaspé Peninsula, Quebec (Burrow et al. 2008 problematicus, and an ischnacanthiform acanthodian, but noted that the taxonomy of all species needed revision. Burrow et al. (2008) commenced this process by revising Gyracanthus incurvus, assigning the species to a new genus Ankylacanthus. Some spines that Whiteaves (1889) described as Homacanthus gracilis were also assigned to Ankylacanthus incurvus.
A major development in the story of the 'spiny sharks' of these deposits came with the discovery of the first articulated specimen in the 'Atholville beds', assigned by Miller et al. (2003) to Doliodus problematicus Traquair, 1893. Although the fin spines on this specimen were not well exposed, it seemed likely that they could be of the Climatius latispinosus form. Recent 3D scanning work (Maisey et al. 2017) has confirmed this similarity.
Here we describe the new specimens of Climatius latispinosus from the Gaspé Peninsula as well as specimens from the 'Atholville beds', and based on the co-occurrence of Doliodus problematicus teeth and the C. latispinosus form of spines on the articulated fish from Atholville, we emend the name of the taxon.
Geological and stratigraphic settings
D r a f t 6 (Blieck et al. 2000) . Plant localities at the eastern exposures of the Formation (Kennedy et al. 2012a ) contain spores from the Grandispora subzone of the douglastownense-eurypterota zone (Richardson and McGregor 1986) , indicating a late Emsian to earliest Eifelian age (Wellman and Gensel 2004) . By comparison the lowest fish-bearing 'Atholville beds' are in the older part of the Campbellton Formation within the early Emsian (Kennedy and Gibling 2011; Kennedy et al. 2012b ). This would place the specimens between the Pragian-Emsian boundary at 407.6 ± 2.6 Ma (Cohen et al. 2016 ) and the terminal date for the Emsian at 393.2 ± 1.2 Ma (Cohen et al. 2016 ).
Some authors (e.g. Pageau 1968 Pageau , 1969a considered the Campbellton outcrops part of the Battery Point Formation found north of Chaleur Bay in Gaspé, Quebec.
The 'Atholville beds' (Dineley and Williams 1968) are exposed for over 2 km from Campbellton west of the New Brunswick-Quebec bridge to Atholville. They are composed of a steeply inclined basal coarse breccia overlain by a succession of interbedded sandstones and shales (Turner and Miller 2006) . A total thickness of about 12 m is exposed (Miller 2007, fig. 2 ). The specimens collected in the 19th Century are from the lower breccia; further specimens, including the articulated Doliodus, have been recovered from calcareous shale or mudstone, argillaceous sediments, mostly exposed on the banks of the Restigouche River.
North of the river and bay, the Emsian-Eifelian Gaspé Sandstone Group is a major geological unit of the Gaspé Peninsula, cropping out from Gaspé in the east to the Matapedia Valley in the west, and more westward into the southern Rimouski area, at the frontier with the northernmost part of New Brunswick (Plusquellec et al. 2011, fig. 1 ). In Gaspé, the Group comprises in ascending stratigraphic sequence (Boucot et al. 1972) , the deltaic York River Formation (Emsian), the estuarine-distal fluvial Battery Point Formation (Emsian-Eifelian), and the proximal fluvial Malbaie Formation (Eifelian). In the north-central part of the Gaspé Peninsula, the D r a f t 7 Emsian York Lake Formation is overlain by the marine volcanic-influenced York River Formation (also Emsian) and the marine-continental Battery Point Formation (Emsian-Eifelian). In the Matapedia Valley and westward, the same units crop out, but clastic marine facies of the York River Formation persist into the lower Eifelian (Plusquellec et al. 2011, fig. 1B ). Thus the marinecontinental transition is diachronic, and the sediments record the progressive closure of the Gaspé Basin and the disappearance of the last residual sea ways of the Iapetus Ocean at the margin of
Laurentia.
An historical overview of Ctenacanthus latispinosus Whiteaves, 1881
Whiteaves (1881) briefly described some of the isolated fin spines from the 'Atholville beds' as Ctenacanthus latispinosus, which he considered to be a chondrichthyan; spines that he assigned at that time to Homacanthus sp. undet., he subsequently assigned to Homacanthus gracilis N. Sp. (Whiteaves, 1889) . However, H. gracilis (Eichwald, 1844 ) is an occupied name, being the type species of Homacanthus, with H. arcuatus Agassiz, 1845 its junior synonym. Burrow et al. (2016) have since synonymized H. gracilis with Diplacanthus crassisimus Duff, 1842, a species that is found in the Middle Devonian of Scotland, the Baltic countries, and Russia (Denison 1979, figs. 32I, J, 33F). Woodward (1889) assigned both Ctenacanthus latispinosus and Whiteaves' "Homacanthus gracilis" to the Acanthodii. Woodward (1889, p. 183) Whiteaves (1881) , it has since been considered a climatiid acanthodian (Denison 1979 in the same paper he listed the "Homacanthus gracilis" specimen only as a "Spine of (?) Acanthodian". Confusion over the status of Whiteaves' Homacanthus spines has only now been resolved. The type specimens from the 'Atholville beds' were originally catalogued as CMN 657 (Gardiner 1966) . A hand-written note on their first catalogue card states that the number had already been used, so they would have to be re-numbered. The two specimens were apparently re-numbered as CMN 3245, and erroneously came to be listed as "part and counterpart" (an understandable assumption, given that they shared the same number). However, close examination by S. Cumbaa and M. Currie (pers. comm. 2007) shows that they are two separate specimens in different coloured matrix; both spines currently are assigned to Ankylacanthus incurvus (Traquair, 1890c) (see Burrow et al. 2008, fig. 2C, D; contra Denison 1979, p. 52 , who stated the spines belong to Climatius latispinosus). The line-drawing in Whiteaves (1889, fig. 4 ) appears to be a rough composite of the two spines.
Traquair (1890a-c) added to the 'Atholville beds' fish assemblage by describing two new species, Cephalaspis whiteavesi (an osteostracan) and Gyracanthus incurvus (an acanthodian), and expanding descriptions of osteostracan Cephalaspis campbelltonensis and placoderm Coccosteus acadicus; he assigned the last to the genus Phlyctaenius. He also reiterated an earlier suggestion by Woodward (1889) that Ctenacanthus latispinosus and Homacanthus were not distinguishable from Climatius. Woodward (1892a) confirmed the identification of Gyracanthus incurvus based on four additional specimens acquired by the British Museum (Natural History). As noted earlier, this species is now assigned to Ankylacanthus (Burrow et al. 2008 ).
D r a f t 9
In his original description, Whiteaves (1881) had not compared the Campbellton fossils to Ctenacanthus major, Agassiz's (1844) type for the genus, but rather to the Upper Silurian Ctenacanthus ornatus Agassiz, 1837 . According to Maisey (1984 , the latter species is based on a climatiiform acanthodian spine referable to Climatius. Maisey (1981 Maisey ( , 1982 Maisey ( , 1984 
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'dinosaurs' are nowadays considered stem birds. In most recently published phylogenetic analyses, Doliodus is nested within 'conventionally defined chondrichthyans' (Zhu et al. 2013 ), a characterbased group defined by the presence of tessellated chondral mineralization. It is still unclear whether tessellated mineralization was actually present in Doliodus, although it shares numerous endoskeletal features with many other Palaeozoic shark-like fishes in its cranium, jaws, and pectoral region, as well as in its squamation and teeth (Miller et al. 2003, Turner and Miller 2008) Order, Family indet.
Doliodus Traquair, 1893
Doliodus latispinosus comb. nov. (Whiteaves, 1881) Figs. 2-9 REMARKS. Structure of the spines, revealed by 3D scanning on the articulated specimen assigned by Miller et al. (2003) to Doliodus problematicus (Maisey et al. 2017) , shows that the spines for which Whiteaves (1881) erected Ctenacanthus latispinosus should probably be assigned to the same species or at least to the same genus as the articulated specimen. Ctenacanthus spines differ in having a posterior face with a pronounced proximal median ridge and paired rows of posterior denticles (Maisey 1981) , and Climatius spines differ in having only a thin inner layer and lacking posterior denticles (Burrow et al. 2013) . Given that the isolated spines (1) fig. 15 ; Miller et al. 2003, p. 503; Miller and Turner 2004, p. 17; Turner and Miller 2005, fig. 12 caption; Burrow et al. 2008, p. 900; Turner and Miller 2008, p. 136; Maisey et al. 2009, p. 110; Kennedy et al. 2012b, p. 64, fig. 6, probably NBMG 10127 (partial articulated fish); NBMG 9811, 9977, 9985, 9986a, b, 9987, 9988, 9989, 10004, 10017, 10056, 10057, 11974, 11987, 12015, 12016, 12024, 12027, ?12032, 12033 (squamation + ?prepelvic fin spine), 12040, 12072, 12394a, 12394b, 12401.1-3, 12402, 13920, ?13928, 13930, 13933, 14365, 14476, 15149, 15171, 15469, 15470, 15841, 20341, 20973 'bucket-in-bucket' nodes; spines lack, or have a short, insertion base lacking ornament ridges; median fin spines straight with a single row of denticles along the distal third of the trailing edge; pectoral fin spines c. 50 mm long with a base one-third the length of the spine, insertion-exsertion boundary at c. 35° angle to leading edge, and a single row of small posterior denticles toward the tip; pelvic fin spines long-based triangular shape with a single row of hook-like denticles extending along the whole of the trailing edge; prepelvic spines inclined cone-shape with a wide open base and no posterior denticles; prepectoral and admedian? spines low, wide based, with ridges curving over towards the apex, and no posterior denticles. fig. 2 ). In dorsal view, the external surface of this spine is exposed, whereas the internal surface of the prepelvic spines are exposed; the large spine was interpreted as a dorsal. Unfortunately it is not preserved well enough to resolve any notable features. Maisey et al. (2017, p. 10 ) also detected a fragmentary probable pelvic spine. Whiteaves (1889, pl. 10.3, 3a) illustrated the type spines of Doliodus latispinosus comb.
nov. with long ridges paralleling the leading edge, but re-examination of these specimens shows that the ridges are slightly oblique, converging on the leading edge, and more or less paralleling the trailing edge (Figs. 3, 4) . Most isolated spines from the 'Atholville beds' (Fig. 3B) (Fig. 5A, D, J, K) , and longer smooth nodes c. 1.5 mm long toward the distal end of the spine. Ornament ridges often extend the whole length of the spines, although rare spines show a short differentiated insertion zone (Fig. 5A, D) . A single row of thorn-like denticles runs along the distal third of the trailing edge of most of the spines. As these denticles are only on one side, impressions of the other side of a spine give no indication of the presence of a denticle row (Fig. 3E, F) . Rare impressions of the trailing edge of spines ( The main other general category of spine forms assigned to Doliodus latispinosus are the broad-based triangular spines, including the paralectotype spine CMN 3242b (Figs. 3C, 4C ).
Laterally flattened spines like the latter and NBMG 12072 (Fig. 5H) , have a posterior denticle row that extends from the distal tip almost to the base of the spine. Some other triangular profiled spines have a base length equal to, or slightly greater than, the (inclined) height (i.e. length of trailing edge)
with a wide open base (e.g. Fig. 5G : NBMG 11947, base length 30 mm, trailing edge length 25 mm; Fig. 6H ). The 3D shape of this spine form is best illustrated by the Gaspé Peninsula specimens (see next paragraph). Rare spines including NHMUK PV P.6547(2) are short with a long base, with D r a f t 17 ridges curving round to an apex above the presumed posterior end (Fig. 6G ). By comparison with the structures revealed by the 3D scans of the articulated specimen, this spine is identified as an admedian. NBMG 12033 is the mold of a short low-angled spine (Fig. 5L) , possibly a small prepectoral, and a patch of Doliodus type scales.
Most Doliodus latispinosus specimens from the Gaspé Peninsula are only spine fragments exposed in lateral view, but some are external impressions of whole elements. Nearly all of the different morphotypes are represented in the MHNM collection. Long relatively straight spines that projected at an angle of c. 50° to the body of the fish (e.g. Fig. 7B , D, E) and several imperfectly preserved, short relatively straight spines that projected at about 40º (Fig. 7C ) to the body, have a broadly semicircular cross-sectional shape revealed in natural cross-section (Fig. 7F ), indicating they are median fin spines. Other forms include the slightly recurved, laterally flattened, mediumlength specimens (e.g. Fig. 7A ), interpreted as pectoral spines, and asymmetrical inclined cone-like spines with long wide oval bases (Fig. 8A , E, J). Their broad shape is revealed in the molds of the uncompressed spines and on sawn sections of MHNM 03-100112 (Fig. 8B, C) ; these cone-shaped spines have much thinner walls than the median spines. Many have very well preserved ornament ridges, showing that the ribbed tubercular nodes sometimes extend along the whole length of the ridges (Fig. 8A, E (Fig. 8H) , and is identified as a prepelvic rather than a prepectoral spine, because on the latter the apex is strongly inclined.
Transverse thin sections of median fin spines (Fig. 9) show that, near the proximal end, vacuous osteodentine fills most of the width of the walls, with an extremely narrow dense layer lining the central cavity; thin trabeculae separate the osteodentinal spaces of the extensive middle layer, grading into a denser osteo-mesodentine layer forming the ridges (Fig. 9A-D) . The inner dense layer increases in width distally; lamellae and possible bone cell lacunae and processes can be distinguished close to the wellmarked boundary between the inner and middle layers (Fig. 9C) .
Some of the interdenteonal lacunae-like structures ( narrow toward the tip, as the osteodenteons in the older part of the spine are centrifugally infilled. In the ornament ridges, the dentine tubules running into the vascular canals are orthodentine-like, being fine calibre and straight, then branching and extending to the outer surface, without an enameloid or tubule-free outer zone (Fig. 8E) .
Two fin spines ( Fig. 5D and E, F) show evidence of healed fractures, with the outer dentine layer extending at least partially over the fracture. There is no evidence of resorption.
Discussion
Only the pectoral and small fragments of more posterior fin spines were exposed and identified by Miller et al. (2003) on the partial articulated Doliodus specimen NBMG 10127 from Atholville, D r a f t
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New Brunswick. Both pectoral fin spines are partially eroded and/or buried in matrix and show limited detail. These pectoral spines are comparable in shape, having a relatively straight leading edge, a slightly sigmoidal trailing edge, and a similar orientation of ornament ridges, with one of the Doliodus latispinosus morphotypes known from isolated spines (Figs. 5E-F, 6B--C, 7A ), leading us to interpret these also as pectoral fin spines. The articulated Doliodus specimen also has remnants of fin spines behind the branchial region, at least one of which has hook-like denticles. The 3D scan revealed that these include two prepelvic spines. These appear to have been very small on the articulated specimen; amongst the isolated material, specimen NBMG 12033 (Fig. 5L ) could possibly be a prepelvic or prepectoral, although its apparently robust ridges could indicate this is not from D. latispinosus. The scan also revealed the base of a pelvic spine posterolateral to the prepelvic spines, but it is not preserved well enough to show details. Of the asymmetrical isolated spine forms, it seems likely that the triangular profile ones with posterior denticles must be pelvic spines (Figs. 3C, 5G , 6H, 7A), as we know of no instances where prepectoral or prepelvic series spines show such structures: the latter lack a posterior groove, having a circumferential insertion around D r a f t 20 slightly convex along the leading edge. Given that the only median (dorsal) fin spine recognized so far on the articulated Doliodus appears fragmentary and only poorly preserved, we could only make an educated guess as to the original position of the isolated symmetrical spines.
Histological structure of Doliodus latispinosus median fin spines (Fig. 9) closely resembles that of Parexus recurvus spines (Burrow et al. 2013, fig. 7) , with a wide osteodentinous middle layer.
The main structural difference between spines of the two taxa is the type of dentine forming the outer zone of the ridges; D. latispinosus has branching orthodentine, whereas Parexus recurvus (Burrow et al. 2013 ) has a syncitial mesodentine sensu Valiukevičius and Burrow (2005) . Climatius reticulatus Agassiz, 1844 spines also have a wide osteodentine layer, but the inner dense layer remains thin for the whole length of the spine (Burrow et al. 2015) , unlike in Parexus and Doliodus where it increases in thickness towards the tip. The presumed prepelvic and prepectoral fin spines of D. latispinosus differ to its other spines in being very thin-walled, without a thick osteodentine layer, and only a thin inner layer. This structure resembles that in Ankylacanthus incurvus fin spines (Burrow et al. 2008, fig. 3F ). 
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